IMAGE CAPTURING APPARATUS 
CAPABLE OF EXTRACTING A MOVING OBJECT 

[0001] This application is based on the application No. 
2003-198956 filed in Japan, the contents of which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The present invention relates to an image 
capturing apparatus capable of extracting a moving object 
and picking it up, and a method for adjusting the image 
capturing apparatus. 

DESCRIPTION OF THE RELATED ART 

[0003] In an image pickup field, there has been 
studied the detection of a moving object in order to 
monitor, for example, an illegal intruder. Conventional 
moving object detecting technique typically includes an 
inter-frame difference method (for example, a method for 
taking a difference between different frames such as a 
previous screen and a current screen) or a background 
difference method (for example, a method for taking a 
difference between a background image and an input image) . 
The inter-frame difference method is disclosed in, for 
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example , Japanese Patent Application Laidr-open No. 05- 
145823 , and further , the background difference method is 
disclosed in, for example, U.S. Patent No. 5,606,376. 
[0004] In the meantime, there have been proposed 
various image capturing apparatuses per se. In 
particular, with respect to the width of a dynamic range, 
Japanese Patent Application Laid-open No. 2001-36817, for 
example, discloses an image capturing apparatus having a 
wide dynamic range, comprising a solid image pickup 
element including a photosensitive element for generating 
an electric signal according to an incident light 
intensity in a picking-up pixel and a transistor for 
logarithmic transformation, for converting the incident 
light intensity to the photosensitive element in a 
naturally logarithmic manner so as to output it. 
[0005] In this image capturing apparatus, the 
transistor for logarithmic transformation includes a 
control electrode, a first electrode and a second 
electrode, wherein an output from the photosensitive 
element is input into the first electrode in the 
transistor for logarithmic transformation. An image of 
an object can be picked up by applying a first voltage to 
the second electrode in the transistor for logarithmic 
transformation. Thereafter, a second voltage is applied 
to the second electrode in the transistor for logarithmic 
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transf ormation, and then, a current greater than that 
before the application of the second voltage is made to 
flow in the transistor for logarithmic transformation, so 
that the transistor is reset. 

[0006] Here, as for the detection of the moving object, 
the conventional inter-frame difference method or 
background difference method requires the complicated 
processing of a signal from the image pickup element, and 
therefore, the burden of the signal processing is large 
in an image pickup system, 

[0007] In view of the above-described problems observed 
in the prior art, an object of the present invention is 
to provide an image capturing apparatus capable of easy 
detection of the existence of a moving object without 
requiring any complicated signal processing and capable 
of moving object extraction image pickup in an image 
pickup region over a wide luminance range, 
[0008] Furthermore, another object of the present 
invention is to provide a method for adjusting such an 
image capturing apparatus in the mode in which the moving 
object extraction image pickup can be achieved. 

SUMMARY OF THE INVENTION 
[0009] In order to achieve the above-described objects 
an image capturing apparatus according to the present 



invention , comprises: a solid image pickup element 
including a photosensitive element and a transistor for 
logarithmic transformation, in which an output signal 
from the photosensitive element is input into a first 
electrode , for outputting a signal, which is 
logarithmically varied with respect to an incident light 
intensity to the photosensitive element; and a voltage 
controller for controlling a voltage to be applied to a 
second electrode of the transistor, wherein the voltage 
controller applies a first reset voltage to the second 
electrode, so as to reset the transistor in such a 
manner that the image capturing apparatus is operated in 
a state of moving object extraction image pickup, and 
wherein the first reset voltage is a voltage for 
resetting the transistor in one reset level selected from 
a plurality of reset levels of the transistor. 
[0O1O] In this image capturing apparatus, the reset 
voltage for resetting the transistor for logarithmic 
transformation is applied to the second electrode in such 
a manner that the solid image pickup element is operated 
in the state of the moving object extraction image pickup 
under the voltage application control by the voltage 
controller, thereby generating pickup data for darkly or 
brightly displaying at least a part of a moving object 
which provides variations in luminance in an image pickup 
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region (i.e., an object) in the image capturing apparatus 
with respect to a background image of a uniform density. 
Consequently, the moving object is extracted without 
requiring any complicated signal processing or image 
processing, and thus, the existence of the moving object 
can be detected. 

[0011] Furthermore, an adjusting method for an image 
capturing apparatus provided with a solid image pickup 
element having pixels, including a photosensitive element 
and a transistor for receiving an output signal from the 
photosensitive element and outputting a signal, comprises 
the steps of: calculating a reset condition of the 
transistor in order to achieve a moving object extraction 
image pickup at a luminance higher than an upper limit 
value within an assumed object luminance range; and 
resetting the transistor in the calculated reset 
condition. 

[0012] Here, "the upper limit value within the assumed 
object luminance range" signifies an upper limit value 
within a typical object luminance range, which has been 
generally known, or an upper limit value slightly higher 
than the upper limit value. Otherwise, the luminance 
ranges of various kinds of objects have been measured in 
advance by experiments or the like, and then, an upper 
limit value according to the object may be adopted. Or, 



-5- 



a predetermined upper limit value may be adopted 
according to the usage, using region and using 
environment of the image capturing apparatus. 
[0013] In the following description , like parts are 
designated by like reference numbers throughout the several 
drawings • 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] Fig. 1 is a block diagram illustrating the 
configuration of an image capturing apparatus in a 
preferred embodiment ; 

[0015] Fig. 2 is a diagram illustrating the 
configuration of a pixel portion or the like having 
pixels arrayed therein in an image pickup element in the 
image capturing apparatus illustrated in Fig. 1; 
[0016]^ Fig. 3 is a diagram illustrating the 
configuration of one pixel; 

[0017] Fig. 4 is a timing chart illustrating the state 
of application of a drive voltage to the image pickup 
element in a normal image pickup state (i.e., a normal 
image pickup mode) in the image pickup element 
illustrated in Figs. 1 to 3; 

[0018] Fig. 5 is a timing chart illustrating the state 
of application of a drive voltage to the image pickup 
element in a moving object extraction image pickup state 
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(i.e., a moving object extraction image pickup mode) in 
the image pickup element illustrated in Figs. 1 to 3; 
[0019] Fig. 6(A) is a diagram illustrating an image 
pickup example of an object in the normal image pickup 
mode, and Fig. 6(B) is a diagram illustrating an image 
pickup example of an object in the moving object 
extraction image pickup mode; 

[0020] Fig. 7 is a graph illustrating photoelectric 
conversion characteristics in the moving object 
extraction image pickup mode of a solid image pickup 
element; 

[0021] Fig. 8 is a flowchart illustrating a part of 
operation of a control unit of the image capturing 
apparatus illustrated in Fig. 1; 

[0022] Fig. 9 is a flowchart illustrating a part of 
operation of a control unit of the image capturing 
apparatus illustrated in Fig. 1 in a modification; 
[0023] Fig. 10(A) to 10(C) are timing charts 
illustrating other examples of a reset voltage with 
respect to a transistor for logarithmic transformation in 
order to achieve moving object extraction image pickup, 
respectively; 

[0024] Fig. 11 is a block diagram illustrating another 
configuration of an image capturing apparatus; and 
[0025] Fig. 12(A) is a timing chart illustrating the 
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reset voltage in the normal image pickup mode, and Figs. 
12(B) to 12(D) are timing charts illustrating adjustment 
of the reset voltage with respect to the transistor for 
logarithmic transformation in order to achieve the moving 
body extraction image pickup , respectively. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0026] Preferred embodiments according to the present 
invention will be described below in reference to the 
accompanying drawings. 

(1) Image Capturing Apparatus A 

[0027] Fig. 1 is a block diagram illustrating an image 
capturing apparatus in a preferred embodiment. An image 
capturing apparatus A illustrated in Fig. 1 comprises a 
solid image pickup element 10 , a voltage regulator Rg and 
a controller CONT constituted of mainly a computer. Fig. 
2 is a diagram illustrating the configuration of a pixel 
portion or the like having pixels arrayed therein in the 
solid image pickup element 10. Fig. 3 is a diagram 
illustrating the configuration of one pixel. Fig. 4 is a 
timing chart illustrating the application of a drive 
voltage when a normal image pickup mode is achieved. Fig. 
5 is a timing chart illustrating the application of a 
drive voltage when a moving object extraction image 
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pickup mode is achieved. 

[0028] The solid image pickup element 10 is provided 
with a plurality of pixels and an output circuit. Each 
of the plurality of pixels includes an photoelectric 
conversion element serving as a photosensitive element, a 
logarithmic transformation circuit including a transistor 
for logarithmic transformation for transforming an output 
from the photoelectric conversion element into an 
electric signal in proportion to a logarithmic value of 
an incident light intensity to the photoelectric 
conversion element , and an integrator circuit for 
accumulating an output from the logarithmic 
transformation circuit. The output circuit receives a 
signal from each of the pixels, and then, outputs it. 
[0029] Explanation will be made below in reference to 
the accompanying drawings. The solid image pickup 
element 10 is provided with a pixel portion G, vertically 
scanning circuits 1 and an output circuit 8, which are 
connected to the pixel portion G, as illustrated in Fig. 
1. To the output circuit 8 are connected a horizontally 
scanning circuit 2 and an output amplifier Am. Image 
data is output from the output amplifier Am. The output 
from the output amplifier Am is input also into the 
controller CONT, as described later. 
[0030] To the solid image pickup element 10 is 
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connected a timing generator TG, which actuates each of 
component parts at a predetermined timing based on an 
instruction given from the controller CONT. Furthermore, 
the timing generator TG controls an applying period of 
various kinds of applying voltages to the pixels based on 
an instruction given from the controller CONT. 
[0031] The voltage regulator Rg supplies predetermined 
various kinds of voltage signals or the like to the pixel 
portion G or the like based on an instruction given from 
the controller CONT . Moreover, the voltage regulator Rg 
controls also voltage values of the various kinds of 
applying voltages to the pixels based on an instruction 
given from the controller CONT. 

An operating unit 20 includes an operating member 
to be operated by a user, and is adapted to instruct 
switching or the like of the image pickup modes by the 
user . 

[0032] As illustrated in Fig. 2, image pickup pixels 
Gil to Gmn are arrayed in a matrix (i.e., a matrix array) 
in the pixel portion G in the solid image pickup element 
10. The vertically scanning circuit 1 sequentially scans 
row lines 31, 32, ... and 3n, each of which gives a 
scanning signal 0V to each of the pixels, and further, 
supplies a voltage <#VD to a capacitor C, described later, 
of each of the pixels via lines 41, 42, ... and 4n. 
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[0033] The horizontally scanning circuit 2 sequentially 
reads a photoelectric conversion signal introduced-out 
via output signal lines 61 , 62, ... and 6m from each of 
the pixels in a horizontal direction per pixel. In Fig. 
2, reference numeral 5 designates a power source line. 
[0034] incidentally, reference numeral 3 designates a 
row line; 4, the (fiVD supply line; and 6, the output 
signal line in Fig. 3, described later. 

[0035] To each of the pixels are connected not only the 
lines 31, 32, ... and 3n, 41, 42, ... and 4n, the output 
signal lines 61, 62, ... 6m, and the power source line 5 
but also other lines (for example, a clock line, a bias 
supply line and the like), which are omitted in Fig. 2. 
[0036] The output circuit 8 illustrated in Fig. 1 
includes constant current sources 71, 72, ... and 7m, 

selecting circuits 81, 82, and 8m, and a correcting 

circuit 9 illustrated in Fig. 2. 

[0037] The constant current sources 71, 72, ... and 7m 
are connected to the output signal lines 61, 62, ... 6m, 
respectively. The selecting circuits 81, 82, ... and 8m 
are circuits for sample-holding a video signal and a 
noise signal which are given from the pixels Gil to Gmn 
via the signal lines 61 to 6m. The correcting circuit 9 
performs the correction processing, that is, the 
processing of subtracting a difference between a video 
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signal and a noise signal from the video signal when the 
video signal and the noise signal are sent in sequence 
from the selecting circuits 81, 82, ... and 8m f and then, 
outputs the video signal , from which a noise is 
eliminated, to the outside. Here, a DC voltage VPS is 
applied to one end of each of the constant current 
sources 71 to 7m. 

[0038] In the above-described solid image pickup 
element 10 , each of the video signal and the noise signal 
as outputs from a pixel Gab (wherein a is a natural 
number where 1 <; a «s m, and b is a natural number where 1 
<; b «; n) is output via an output signal line 6a, and is 
amplified by a constant current source 7a connected to 
the output signal line 6a. The video signal and the 
noise signal output from the pixel Gab are sent in 
sequence to a selecting circuit 8a. Furthermore, the 
selecting circuit 8a sample-holds the video signal and 
the noise signal. Thereafter, from the selecting circuit 
8a, the sample-held video signal is sent to the 
correcting circuit 9, and further, the sample-held noise 
signal is sent to the correcting circuit 9 . 
[0039] The correcting circuit 9 subjects the video 
signal given by the selecting circuit 8a to the 
correction processing based on the noise signal given by 
the selecting circuit 8a, and further, amplifies the 
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video signal, from which the noise is eliminated, by the 
output amplifier Am, and then, outputs it to the outside. 
The configuration of each of the selecting circuits 81 to 
8m and the correcting circuit 9 is exemplified by the 
configuration disclosed in the Japanese Patent 
Application Laid-open No. 2001-223948 filed by the 
present applicants. Incidentally, the selecting circuits 
81 to 8m may include the correcting circuit 9. 
[0040] Next, one example of the pixels Gil to Gmn will 
be explained below in reference to Fig. 3. 
[0041] The pixel illustrated in Fig. 3 comprises a 
photodiode PD as one example of the photoelectric 
conversion element, a logarithmic transformation circuit 
L including a MOS transistor T2 for logarithmic 
transformation for transforming an output from the 
photodiode PD into an electric signal in proportion to a 
logarithmic value of an incident light intensity to the 
photodiode PD, and an integrator circuit IT including the 
capacitor C for accumulating the outputs from the 
logarithmic transformation circuit L. 

[0042] Further explanation will be made below. In each 
of the pixels, a drain of a switching MOS transistor Tl 
is connected to a cathode of the photodiode PD having an 
anode grounded. To a source of the transistor Tl are 
connected a gate and a drain of the MOS transistor T2 for 
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logarithmic transformation and a gate of a MOS transistor 
T3 . The transistor T3 is adapted to allow a current 
equivalent to a logarithmically transformed signal to 
flow therein. 

[0043] Moreover , a source of the MOS transistor T3 is 
connected to a gate of a MOS transistor T5 for source 
follower amplification and a drain of a MOS transistor T4 
for resetting a capacitor. To a source of the MOS 
transistor T5 is connected a drain of a MOS transistor T6 
for switching (i.e., for reading a signal). Additionally, 
a source of the MOS transistor T6 is connected to the 
output signal line 6 (corresponding to the output signal 
lines 61 to 6m in Fig. 3). Here, each of the MOS 
transistors Tl to T6 is a P-channel type transistor. 
[0044] A signal 0 VPS is input into the source of the 
MOS transistor T2 for the logarithmic transformation. 
The respective drains of the MOS transistors T3 and T5 
are grounded. The source of the MOS transistor T3 is 
connected to the capacitor C. A reference voltage (i.e., 
a signal 0VD) for integrating an electric signal from 
the photodiode PD is input into the capacitor C. 
[0045] A DC voltage RSB is input into the source of the 
MOS transistor T4 f and further, a signal $RST is input 
into the gate of the transistor T4. Furthermore, a 

signal (f>S for turning on or off the transistor Tl is 
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input into the gate of the MOS transistor Tl; in contrast, 
a signal <f>V for turning on or off the transistor T6 is 
input into the gate of the MOS transistor T6 . 
[0046] In the pixel such configured as described above, 
the constant current source 7 receiving the DC voltage 
VPS at one end thereof (corresponding to the constant 
current source 71 to 7m in Fig. 3) is connected to the 
source of the MOS transistor T5 via the MOS transistor T6 
and the output signal line 6. 

[0047] Consequently, when the MOS transistor T6 is ON, 
the MOS transistor T5 is operated as a MOS transistor for 
a source follower, and then, outputs a voltage signal 
amplified by the constant current source 7 to the output 
signal line 6. 

[0048] A source follower circuit is configured in the 
above-described manner, so that an amplifying circuit for 
greatly outputting a signal is configured. As a 
consequence, a signal, which is amplified sufficiently 
greatly by the amplifying circuit, can be obtained, 
thereby facilitating the processing in a subsequent 
signal processing circuit. Moreover, the constant 
current sources 71 to 7m constituting load resistance 
portions of the amplifying circuit are not disposed 
inside of the pixels, but the constant current sources 71 
to 7m are respectively disposed in the output signal 
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lines 61 to 6m, to which the plurality of pixels arrayed 
in a columnar direction are connected. Thus, it is 
possible to reduce the number of load resistances or 
constant current sources, so as to reduce the area 
occupied by the amplifying circuit on a semiconductor 
chip. 

[0049] Subsequently, explanation will be first made 
below on a normal image pickup operation by the above- 
described image pickup element 10 and a sensitivity 
variation detecting operation of each of the pixels. 
Thereafter, a description will be given below of a moving 
object extraction image pickup operation • 
[0050] A high or low voltage signal is used as the 
signal 0VPS to be supplied to the source of the M0S 
transistor T2 for logarithmic transformation when the 
normal image pickup mode is achieved. That is to say, a 
voltage for actuating the transistor T2 in a sub 
threshold region is set to be low when the video signal 
and the noise signal caused by variations in sensitivity 
are read, respectively. When the transistor T2 is reset, 
a high voltage is adopted to allow a current greater than 
that when the low signal 0 VPS is given to flow in the 
transistor T2 (see Fig. 4). 

[0051] In contrast, when the moving object extraction 
image pickup mode is achieved, a voltage between the low 
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voltage and the high voltage is adopted in place of the 
high voltage in resetting the transistor T2 (see Fig. 5). 
[0052] A tertiary voltage signal is adopted as the 
reference voltage 0VD to be given to the capacitor C in 
either the normal image pickup mode or the moving object 
extraction image pickup mode. In other words, a voltage 
value when the capacitor C is operated to integrate is 
set to a highest voltage Vh; a voltage value when the 
video signal is read is set to a voltage Vm lower than 
the voltage Vh; and a voltage value when the noise signal 
is read is set to a voltage VI much lower than the 
voltage Vm. 

[0053] Next, explanation will be made below on the 
image pickup operation in the normal image pickup mode 
and the image pickup operation in the moving object 
extraction image pickup mode by the image pickup element 
10. In the explanation below, the voltage signal is 
given to the pixel or the like by the timing generator TG 
and the voltage regulator Rg in response to an 
instruction from the controller CONT. 

[0054] Incidentally, the normal image pickup mode and 
the moving object extraction image pickup mode may be 
manually switched by operating the operating unit 20, or 
may be automatically switched in accordance with an image 
pickup mode switching schedule which has been previously 
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stored in a semiconductor memory or the like (for example, 
the normal image pickup mode is set at all times, and the 
moving object extraction image pickup mode is set for a 
given period of time at a predetermined time). 

<lmage Pickup Operation in Normal Image Pickup Mode> 
(a) Video Signal (Image Signal) Output 
[0055] In the explanation below, the signal <f)S for 
turning on or off the MOS transistor Tl is set to be low 
at all times during the image pickup operation, wherein 
the transistor Tl is ON. Moreover, the signal (f> RST to be 
given to the transistor T4 for resetting the capacitor is 
high, wherein the transistor T4 is OFF. The signal 0VPS 
to be given to the source of the MOS transistor T2 is low 
in such a manner that the transistor T2 is operated in 
the sub threshold region, and further, the voltage value 
of the signal <#VD to be given to the capacitor C is set 
to Vh, thereby achieving the integrating operation by the 
capacitor C. 

[0056] In this state, when light enters into the 
photodiode PD from a region in which an image is picked 
up, a photocurrent is generated, so that voltages 
equivalent to values, which are converted in such a 
manner that the photocurrent is varied in a naturally 
logarithmic fashion with respect to an incident light 
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intensity, are generated at the gates of the transistors 
T2 and T3, respectively, due to the sub threshold 
characteristics of the transistor T2 . 
[0057] A drain current, which is amplified by the 
transistor T3, flows from the capacitor C based on the 
voltage which is varied in the naturally logarithmic 
fashion with respect to the incident light intensity, and 
then, the capacitor C electrically discharges. A gate 
voltage of the MOS transistor T5 becomes a voltage in 
proportion to a naturally logarithmic value of an 
integral value of the incident light intensity. In order 
to read the video signal obtained by the integrating 
operation by the capacitor C, the voltage value of the 
signal 0VD is set to Vm, and further, the low pulse 
signal 0V is given to the MOS transistor T6 . 
Consequently, the source current according to the gate 
voltage of the MOS transistor T5 flows in the output 
signal line 6 via the MOS transistor T6 . 
[0058] At this time, since the transistor T5 is 
operated as a MOS transistor of a source follower type, 
the video signal appears as the voltage signal on the 
output signal line 6. Thereafter, the signal 0V is set 
to be high to turn off the transistor T6, and further, 
the voltage value of the signal 0VD is set to be Vh. The 
video signals output via the transistors T5 and T6 in 
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this manner are proportional to the gate voltage of the 
transistor T5, and thus, it becomes a signal in 
proportion to a naturally logarithmic value of an 
integral value of the incident light intensity to the 
photodiode PD. 

(b) Sensitivity Variation Detection (Noise Signal 
Output) 

[0059] As illustrated in Fig. 4, when the pulse signal 
0VD of the voltage value Vm and the low pulse signal 0V 
are given to output the video signal, the signal 0VD is 
set to Vh, and thereafter, the transistor Tl is turned 
off by setting the signal to be high, and thus, the 

resetting operation is started. At this time, a positive 
electric charge flows from the source of the transistor 
T2, so that negative electric charges accumulated at the 
gate and drain of the transistor T2 and the gate of the 
transistor T3 are combined again. Consequently, a 
potential at the gate and drain of the transistor T2 is 
increased to some extent. 

[0060] However, when the potential at the gate and 
drain of the transistor T2 is increased up to a certain 
value, the resetting speed of the transistor T2 is 
reduced. In particular, this tendency becomes prominent 
in the case where a bright image pickup region abruptly 
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becomes dark. Therefore , the signal 0 VPS to be given to 
the source of the transistor T2 is next made to be high. 
In this manner, the quantity of positive electric charges 
flowing from the source of the transistor T2 is increased 
by increasing the source voltage of the transistor T2, so 
that the negative electric charges accumulated at the 
gate and drain of the transistor T2 and the gate of the 
transistor T3 are speedily combined again. At this time, 
the signal 0RST is made to be low and the transistor T4 
is turned on, thus initializing the voltage of a 
connection node between the capacitor C and the gate of 
the transistor T5. 

[0061] When the potential at the gate and drain of the 
transistor T2 is further increased by making the signal 
0VPS high, the signal 0 VPS to be given to the source of 
the transistor T2 is made to be low, thereby returning 
the potential of the transistor T2 to the original state. 
When the state of the potential of the transistor T2 is 
reset to the original state in this manner, the signal 
0RST is made to be high and the transistor T4 is turned 
off. 

[0062] And then, the capacitor C performs the 
integrating operation, so that the voltage of the 
connection node between the capacitor C and the gate of 
the transistor T5 becomes a voltage according to the gate 
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voltage of the reset transistor T2 • Thus, the pulse 
signal 0V is given to the gate of the transistor T6 , 
which is then turned on, and further, the voltage value 
of the signal 0VD is made to be VI • Consequently, the 
output current representing the variations in sensitivity 
of each of the pixels caused by the variations in 
characteristics of the transistors T2 and T3 flows in the 
output signal line 6 . 

[0063] At this time, since the transistor T5 is 
actuated as the MOS transistor of the source follower 
type, the noise signal appears as a voltage signal in the 
output signal line 6. Thereafter, the pulse signal 0RST 
is given to the transistor T4, and then, the voltage of 
the connection node between the capacitor C and the gate 
of the transistor T5 is reset* The signal (/>S is made to 
be low, so as to energize the transistor Tl, thereby 
achieving the image pickup operation. 

[0064] Although in the above description, the voltages 
<0VD to be given to the capacitor C are set as the three 
values Vh, Vm and VI in order to integrate the electric 
signal obtained by the photoelectric conversion, the 
voltage 0VD to be given to the capacitor C in order to 
integrate the electric signal may be a constant value. 
An offset in the video signal, from which noise is 
eliminated, can be reduced by adopting the three values 
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as the voltage 0VD. As a consequence, it is possible to 
effectively utilize the operating range of an 
analog/digital converter or the like connected to the 
rear stage of the image pickup element. Incidentally , 
the voltage value of the signal 0VD to be given to the 
capacitor C when the video signal is read may be higher 
than the voltage value which is given at the time of the 
integration. 

[0065] Moreover, although each of the pixels is 
configured by using the P-channel MOS transistor in the 
above-described image pickup element, each of the pixels 
may be configured by using an N-channel MOS transistor. 
At this time, the polarities of the pixels become reverse. 
In the same manner, the polarities of the constant 
current sources 71 to 7m disposed in the solid image 
pickup element become reverse to those illustrated in Fig. 
2. The other configuration is substantially similar to 
that of the image pickup element, described already. 

<Image Pickup Operation in Moving Object Extraction Image 
Pickup Mode> 

[0066] Operation for outputting a video signal is the 
same as that in the case of the normal image pickup mode. 
However, operation for outputting a noise signal is 
different from that in the case of the normal image 
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pickup mode. That is to say, as shown in Fig. 5, either 
one of voltage signals vl and v2 of two kinds of voltage 
values between high and low values (|vl - vL| > |v2 - vL| , 
where vL represents a voltage value of the signal 0VPS 
during a not-reset period, i.e., a low voltage value) is 
used as the signal 0 VPS used in the processing of 
resetting the MOS transistor T2 in place of the high 
signal 0 VPS at the time of the noise signal output in 
the normal image pickup mode. The use of either one of 
the voltage signals vl and v2 will be described later. 
In this manner, a moving object can be extracted. The 
other operation is similar to the noise output processing 
in the normal image pickup mode. 

[0067] Like in the case of the normal image pickup mode, 
also in the moving object extraction image pickup mode, a 
difference between a video signal, which is output from 
each of the pixels when an image is picked up with a low 
signal 0 VPS , and a noise signal, which is output from 
each of the pixels when the MOS transistor T2 is reset 
with the signal 0 VPS between high and low values, is 
subtracted from the video signal by the difference 
processing by the correcting circuit 9, and then, the 
resultant signal is output. 

[0068] However, the voltage signal vl or v2 having a 
value between high and low values is used as the signal 
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0 VPS used in the processing of resetting the MOS 
transistor T2 in place of the high signal 0 VPS at the 
time of the noise signal output in the normal image 
pickup mode, and therefore, a not-reset portion remains 
in the MOS transistor T2 . Furthermore, the not-reset 
portion is more frequently generated in the pixel having 
the great incident light intensity due to the 
characteristics of the MOS transistor T2; in contrast, it 
is less generated in the pixel having the small incident 
light intensity. Consequently, the video signal after 
the difference processing by the correcting circuit 9 
becomes the same value in each of the pixels, in which an 
image is picked up in an image picked-up region having no 
variation in luminance. As a result, a signal, which can 
be displayed at an intermediate density (a substantially 
uniformly gray density in the monochromatic case) in a 
still background portion or the like in an image pickup 
region. This can allow the still background portion or 
the like to be displayed at an intermediate density. 
[0069] In the meantime, the luminance of a moving 
object is varied during a video signal integrating period, 
for example, from Mark" to "bright", or vice versa. 
[0070] In the case where the luminance is varied from 
"dark" to "bright" and the "bright" state is continued 
until the start of the reset period, the video signal 
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becomes high in comparison with the "bright" state at all 
times during the integration period. The noise signal 
becomes a value dependent on only the voltage at an input 
portion of the integrator circuit at the time of the 
reset start. Consequently , since the "bright" state is 
provided at the time of the reset start , the noise signal 
is the same as that in the "bright" state at all times. 
Then, the output of the video signal after the difference 
processing is reduced , so that a portion , in which light 
incident into the solid image pickup element 10 is varied 
from "dark" to "bright" , can be darkly displayed (it can 
be displayed in black in the monochromatic case) . 
Moreover, the video signal is low and the noise signal 
also is low in comparison with the "dark" state at all 
times. However, the quantity of the reduction of the 
noise signal is less than that of the video signal, so 
that the output of the video signal after the difference 
processing is reduced. 

[0071] In the case where the luminance is varied from 
"dark" to "bright" and is varied to "dark", and further, 
the "dark" state till the start of the reset period, the 
video signal is reduced in comparison with the "dark" 
state at all times during the integrating period. Since 
the noise signal is a value dependent on only the voltage 
in the input portion of the integrator circuit at the 
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time of the reset start , the "dark" state is provided at 
the time of the reset start , and therefore, the noise 
signal is the same as that in the "dark" state at all 
times. Then f the output of the video signal after the 
difference processing is increased, so that the light 
incident into the solid image pickup element 10 is varied 
from "dark" to "bright", and further, a portion, in which 
the luminance is varied to "dark", can be displayed 
brightly (it can be displayed in white in the 
monochromatic case) . 

[0072] For the same reason, in the case where the 
luminance is varied from "bright" to "dark", the output 
of the video signal after the difference processing is 
increased, a portion, in which the luminance is varied, 
can be displayed brightly. 

[007 3] In the case where the luminance is varied from 
"bright" to "dark", and further, is varied to "bright", 
the output of the video signal after the difference 
processing is decreased, and thus, a portion, in which 
the luminance is varied, can be displayed darkly. 
[0074] The above-described phenomenon allows the 
portion, in which the incident light is varied, to be 
extracted, whereby the existence of the moving object can 
be detected. 

[0075] The image pickup element 10 is set in the moving 
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object extraction image pickup mode, and then, the image 
pickup region including a moving object is picked up, to 
be then displayed on a display. In this case, for 
example, an image illustrated in Fig. 6(B) is displayed. 
Fig. 6(A) illustrates that a black ball is moved leftward 
in the drawing in front of a white wall. The luminance 
of a left edge of the ball is varied from "bright" to 
"dark" due to the leftward movement when it is viewed 
from the image pickup element 10, and thus, it is 
displayed as a bright portion P. In contrast, the 
luminance of a right edge of the ball is varied from 
"dark" to "bright" due to the leftward movement when it 
is viewed from the image pickup element 10, and thus, it 
is displayed as a dark portion Q. In this manner, the 
moving object is extracted. 

[007 6] Here, in examining the photoelectric conversion 
characteristics of the image pickup element 10 in the 
moving object extraction image pickup mode, it is found 
that the element output becomes almost constant within an 
object luminance range of an element face illumination of 
about 0.3 lux to 150 lux, as illustrated in Fig. 7. This 
shows that the difference between the video signal and 
the noise signal is constant when the object luminance 
falls almost within this range (i.e., about 0.3 lux to 
150 lux), wherein a still object is not picked up while 
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the moving object can be extracted. 

[0077] In contrast , when the object luminance is out of 
the above-described luminance range , the element output 
is not constant, as illustrated in Fig. 7. This shows 
that the difference between the video signal and the 
noise signal is not constant, wherein not only the moving 
object but also a still object are picked up. In 
particular, the difference between the video signal and 
the noise signal is not constant on a high illumination 
side (a high luminance side as to the object), and 
therefore, not only the moving object but also the still 
object are picked up in the case of a bright object (i.e., 
a bright image pickup region). 

[007 8] When the voltage value VPSH of the signal 0VPS, 
the gate voltage VG and the threshold voltage Vth when 
the MOS transistor T2 is reset satisfy the relationship 
of VPSH - VG < Vth, the moving object extraction image 
pickup is construed to be achieved. In the case where 
the luminance of the object is relatively low, the gate 
voltage VG becomes large, so that the relationship of 
VPSH - VG < Vth is satisfied, thereby achieving the 
moving object extraction image pickup. In contrast, if 
the luminance of the object is too high, the gate voltage 
VG becomes small, and therefore, the relationship of VPSH 
- VG < Vth is not satisfied, thereby making the moving 
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object extraction image pickup impossible • In view of 
this, when the luminance of the object is high, the 
relationship of VPSH - VG < Vth is satisfied by 
decreasing the voltage value VPSH of the signal 0VPS, 
shortening the reset period, that is, the applying period 
of the voltage value VPSH of the signal 0VPS so as to 
increase the gate voltage VG, or taking the above two 
methods . 

[0079] Incidentally, in the case of the N-channel MOS 
transistor, when the reset voltage VPSL, the gate voltage 
VG and the threshold voltage Vth when the transistor is 
reset satisfy the relationship of VG - VPSL < Vth, the 
moving object extraction image pickup is achieved. 
[0080] The present preferred embodiment is designed 
such that one of the signals having the plurality of 
kinds of voltage values between the high and low values 
can be used as the signal $VPS for use in the processing 
of resetting the MOS transistor T2 in place of the high 
signal 0VPS at the time of the noise signal output in 
the normal image pickup mode, as described above. 
Specifically, either one of the voltage signals vl and v2 
having the two kinds of voltage values can be used. The 
plurality of reset voltages have been previously stored 
in a ROM in the computer in the controller CONT, and thus, 
the reset voltage signal suitable for the moving object 
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extraction image pickup is used according to the 
luminance range of the object. 

[0081] In the present preferred embodiment, an output 
from the output amplifier Am is read per given timing 
measured by an inside timer in the controller CONT in the 
moving object extraction image pickup mode, and the 
luminance of the object is measured based on the output. 
When the luminance of the object falls within the 
luminance range of the normal object whose luminance is 
assumed (hereinafter referred to as "a low luminance 
range" ) , the controller CONT instructs the voltage 
regulator Rg in such a manner that the voltage vl having 
the not-reset portion of the transistor as the reset 
voltage is reduced, in other words, a high reset level is 
applied. In contrast, when the luminance is higher than 
the luminance range of the normal object (hereinafter 
referred to as "a high luminance range") and a region 
having a luminance value, in which it clearly seems to be 
out of the moving object extraction image pickup region, 
is included in the object, the controller CONT instructs 
the voltage regulator Rg in such a manner that the 
voltage v2 having the not-reset portion of the transistor 
is increased, in other words, a low reset level is 
applied. In this manner, the moving object extraction 
image pickup can be achieved within a wide luminance 
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range in the present image capturing apparatus. A 
threshold value of the object luminance representing the 
boundary between the low luminance range and the high 
luminance range also has been previously stored in the 
ROM in the controller CONT. 

[0082] Here, the reset voltage v2 is a voltage, at 
which the moving object extraction image pickup can be 
achieved with respect to an object having a luminance of 
a double or more upper value, with respect to an upper 
value of the object luminance range, in which the moving 
object extraction image pickup can be achieved at the 
reset voltage vl. 

[0083] incidentally, the object luminance may be 
determined by obtaining an average luminance of the 
entire object. 

[0084] Fig. 8 is a flowchart illustrating the 
processing which is executed in the moving object 
extraction image pickup mode by the controller CONT. 
[0085] As illustrated, upon start of a program, the 
image pickup element 10 is set to the moving object 
extraction image pickup mode (step Sll), the inside timer 
is reset (S12), and then, the object is photographed in 
the moving object extraction image pickup mode (S13). 
During this time, the output from the amplifier Am is 
read in. Thereafter, when the inside timer is counted up 



-32- 



(514) , the brightness (i.e., the luminance) of the object 
is obtained based on data read from the amplifier Am 

(515) . When the obtained luminance falls within the low 
luminance range and the reset voltage currently set is vl, 
the reset voltage vl is maintained as it is, and then, 

the program returns to step S12 (S16). In contrast, when 
the object includes the luminance portion falling within 
the high luminance range, the reset voltage is varied to 
v2, and then, the program returns to step S12. Here, the 
initial reset voltage at the time of the start of the 
program is vl . 

[0086] According to the image capturing apparatus in 
the present preferred embodiment, the luminance of the 
object (i.e., the image pickup region) is periodically 
obtained per timing counted by the inside timer, so that 
the luminance of the object falls within the low 
luminance range at the beginning of the moving object 
extraction image pickup, and further, the moving object 
extraction image pickup can be achieved even if some high 
luminance object enters in the image pickup region on the 
way. 

(2) Modification of Image Capturing Apparatus A 

[0087] The above-described controller CONT may perform 

the processing below in the moving object extraction 
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image pickup mode. 

[0088] That: is to say, as illustrated in Fig. 9, upon 
start of a program, the image pickup element 10 is set to 
the moving object extraction image pickup mode (step S21), 
the inside timer is reset (S22), and then, the object is 
photographed in the moving object extraction image pickup 
mode (S23). Thereafter, when the inside timer is counted 
up (S24), the image pickup mode is temporarily switched 
to the normal image pickup mode for a predetermined 
period of time (S25). While the normal image pickup mode 
is set, the output from the amplifier Am is read in. 
Thereafter, the image pickup mode is switched again to 
the moving object extraction image pickup mode (S26), and 
then, the brightness (i.e., the luminance) of the object 
is obtained based on data read from the amplifier Am 
(S27). When the obtained luminance falls within the low 
luminance range and the reset voltage currently set is vl, 
the reset voltage vl is maintained as it is, and then, 
the program returns to step S22 (S28). In contrast, when 
the object includes the luminance portion falling within 
the high luminance range, the reset voltage is varied to 
v2, and then, the program returns to step S22 . Here, the 
initial reset voltage at the time of the start of the 
program is vl . 

[0089] In this manner, although the image pickup mode 
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need be switched once to the normal image pickup mode, 
the object luminance can be accurately grasped. As a 
result, the reset level in the moving object image pickup 
mode can be appropriately set. Here f the average 
luminance of the entire object may be determined. 
[0090] In the operation illustrated in Fig. 8 or 9, the 
controller CONT obtains the object luminance in step S15 
or step S27; compares the object luminance range, in 
which the moving object extraction image pickup can be 
achieved, with the obtained luminance at the reset 
voltage vl or v2 currently set (in other words, at the 
current reset level); and maintains the current reset 
voltage when the luminance falls within the luminance 
range, in which the moving object extraction image pickup 
can be achieved. In contrast, when the luminance falls 
out of the luminance range, in which the moving object 
extraction image pickup can be achieved, the current 
reset voltage vl (or v2 ) may be switched to the reset 
voltage v2 (or vl). 

[0091] Additionally, in the image capturing apparatus A, 
although the different voltages vl and v2 are used as the 
reset voltage for resetting the transistor T2 for the 
logarithmic transformation in the moving object 
extraction image pickup mode, the reset voltage may be 
used as described below. 
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[0092] (1) As illustrated in Fig- 10(A), as for the 

moving object extraction image pickup of the object (the 
image pickup region) within the low luminance range, the 
reset voltage vl having the small not-reset portion of 
the transistor T2 for the logarithmic transformation, in 
other words, the high reset level is used. In contrast, 
as for the moving object extraction image pickup of the 
object within the high luminance range, a reset voltage 
v21 (whose voltage value is equal to that of the reset 
voltage vl) having the large not-reset portion of the 
transistor T2, in other words, the low reset level for 
the voltage applying period shorter than that of the 
voltage vl is used. 

[0093] (2) As illustrated in Fig. 10(B), as for the 
moving object extraction image pickup of the object (the 
image pickup region) within the ! low luminance range, the 
reset voltage vl is used. In contrast, as for the moving 
object extraction image pickup of the object within the 
high luminance range, a reset voltage v22 (whose voltage 
value is smaller than that of the reset voltage vl) 
having the large not-reset portion of the transistor T2, 
in other words, the low reset level for the voltage 
applying period shorter than that of the voltage vl is 
used. 

[0094] (3) As illustrated in Fig. 10(C), as for the 
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moving object extraction image pickup of the object (the 
image pickup region) within the low luminance range , a 
reset voltage vl' (whose voltage value is larger than 
that of the reset voltage vl) for the voltage applying 
period shorter than that of the voltage vl, that is, the 
small not-reset portion of the transistor T2 (the high 
reset level) is used. In contrast, as for the moving 
object extraction image pickup of the object within the 
high luminance range, a reset voltage v2 3 having the same 
voltage value as that of the reset voltage vl' for the 
voltage applying period shorter than that of the voltage 
vl', that is, the large not-reset portion of the 
transistor T2 (the low reset level) is used. 
[0095] In Fig. 10, t represents the applying period of 
the reset voltage in the normal image pickup mode. 
[0096] Moreover, three or more reset levels may be 
provided, and among them, a reset voltage value or a 
reset period suitable for the object luminance may be 
selected. Otherwise, a reset voltage value or a reset 
period corresponding to the luminance may be calculated 
in accordance with a predetermined arithmetic formula, to 
be thus adjusted continuously. 

[0097] Although the reset voltage of the transistor T2 
for the logarithmic transformation in the moving object 
extraction image pickup mode in the above-described image 
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capturing apparatus is automatically selected according 
to the object luminance, it may be manually selected via 
the operating unit 20. 

(3) Image Capturing Apparatus B 

[0098] Fig. 11 is a block diagram illustrating the 
image capturing apparatus in another preferred embodiment. 
Like the image capturing apparatus A, an image capturing 
apparatus B comprises a solid image pickup element 10 , a 
voltage regulator Rg and a controller CONT' constituted 
of mainly a computer. 

[0099] The solid image pickup element 10 and the 
voltage regulator Rg are the same as those in the image 
capturing apparatus A. An output from an output 
amplifier Am in the solid image pickup element 10 is 
input into the controller CONT' . A timing generator TG 
connected to the solid image pickup element 10 is 
operated in response to an instruction given by the 
controller CONT', and further, controls an applying 
period of various kinds of applying voltages to pixels. 
[0100] The voltage regulator Rg supplies predetermined 
various kinds of voltage signals or the like to a pixel 
portion G or the like based on an instruction from the 
controller CONT' . Moreover, the voltage regulator Rg 
controls voltage values of the various kinds of applying 
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voltages to the pixels based on an instruction from the 
controller CONT' • 

[0101] Also in the image capturing apparatus B, the 
solid image pickup element 10 can switch an image pickup 
mode between a normal image pickup mode and a moving 
object extraction image pickup mode manually based on an 
instruction from an operating unit 20' connected to the 
controller CONT' or in accordance with a predetermined 
schedule. Incidentally, it is understood that the image 
pickup element 10 should be used exclusively in the 
moving object extraction image pickup mode. 
[0102] Also in the image capturing apparatus B r high 
and low voltage signals are used as a signal 0 VPS to be 
supplied to a source of a MOS transistor T2 for 
logarithmic transformation when the normal image pickup 
mode is achieved. When the moving object extraction 
image pickup mode is achieved, a reset voltage for the 
moving object extraction image pickup is applied to the 
source of the transistor T2 when the transistor T2 is 
reset. The reset voltage for the moving object 
extraction image pickup can be selected according to an 
object luminance in the operating unit 20' connected to 
the controller CONT' . 

[0103] The reset voltage for the moving object 
extraction image pickup, which can be selected in the 
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operating unit 20', is a voltage (Fig. 12(B)) having a 
voltage value (an absolute value) smaller than a half of 
a voltage value of a high reset voltage (Fig. 12(A)) to 
be applied to the source of the transistor T2 for 
logarithmic transformation in the normal image pickup 
mode and/or a voltage (Fig. 12(C)) having a voltage 
applying period shorter than that of the reset voltage in 
the normal image pickup mode. Fig. 12(D) illustrates a 
reset voltage having a voltage value smaller than the 
half and having a voltage applying period shorter than an 
applying time t in the normal image pickup mode. 
[0104] In the image capturing apparatus B, an 
appropriate one among the voltage having the voltage 
value (the absolute value) smaller than the half of that 
of the high reset voltage for the normal image pickup, 
the voltage having the shorter voltage applying period 
and the voltage having the voltage value (the absolute 
value) smaller than the half of that of the high reset 
voltage for the normal image pickup and the shorter 
voltage applying period is selected as the reset voltage 
for the moving object extraction image pickup according 
to the object luminance by the operation via the 
operating unit 20' , thereby achieving the moving object 
extraction image pickup. In selecting the voltage, 
either one or both of a change quantity vm of the voltage 
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value from a low voltage to be applied to the source of 
the transistor T2 for the logarithmic transformation to 
the reset voltage for the moving object extraction image 
pickup and a reset voltage applying period vt for the 
moving object extraction image pickup can be adjusted in 
order to obtain the video signal. 

[0105] The selection and adjustment of the reset 
voltage for the moving object extraction image pickup 
according to the object luminance can be achieved by, for 
example, adjusting at least either one of the change 
quantity vm and the applying period vt in such a manner 
that the moving object extraction image pickup can be 
performed even at a maximum luminance in consideration of 
the assumed maximum luminance of the object in the 
environment, in which the image capturing apparatus B is 
actually used. In the present preferred embodiment, the 
output from the amplifier Am is input into the controller 
CONT' , which then calculates the maximum luminance or 
average luminance of the object based on the input data, 
thereby displaying the luminance on a display D. 
Consequently, the reset voltage for the moving object 
extraction image pickup can be adjusted while monitoring 
displayed information on the object luminance. 
[0106] Otherwise, the relationship between various 
kinds of object luminances which can allow the moving 
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object: extraction and the adjustment width of the change 
quantity vm and the applying period vt has been 
previously obtained by experiments r and then, a 
correspondence table has been created. The reset voltage 
may be adjusted in accordance with the correspondence 
table . 

[0107] Alternatively, the reset voltage for the moving 
object extraction image pickup may be adjusted at the 
time of the fabrication of the image capturing apparatus 
B in consideration of, for example, the general object 
luminance. In this case, a user may re-adjust the reset 
voltage in the operating unit 20'. 

[0108] Although the present invention has been fully 
described by way of examples with referenceto the 
accompanying drawings, it is to be noted that various 
change and modifications will be apparent to those skilled 
in the art. Therefore, unless otherwise such changes and 
modifications depart from the scope of the present 
invention, they should be construed as being including 
therein . 
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